Nitrogen-to-protein conversion factors were calculated for diets and fecal samples from three animal species fed low-or high-fiber diets. The conversion factors based on protein contents determined by amino acid analyses were calculated from total N (Kjeldahl analyses) and recovered amino acid plus NHrN (amino acid analyses). Conversion factors based on protein contents determined by a fluorescamine assay for amino acids were also calculated from total Kjeldahl-N. The conversion factors based on Kjeldahl-N averaged 5.3 ± .7 for the diets and 4.0 ± .5 for the feces in the six animal and diet comparisons when calculated from anhydrous amino acid formula weights. The greatest deviations from the traditional 6.25 conversion factor occurred in the fecal samples of ruminant animals fed a com-alfalfa meal diet at a maintenance level of intake. In contrast, conversion factors based on amino acid plus NH 3 -N were quite stable. These factors averaged 5.7 ± .1 for feeds and 5.5 ± .1 for feces when calculated from anhydrous amino acid residue weights.
Introduction
For many years, a conversion factor of 6.25 has been used to estimate the protein content of a variety of foods and feeds based on a N analysis. However, it is well recognized that 6.25 is not appropriate for many plant protein sources (Crampton and Lloyd, 1959) . One reason is that plant tissues may contain significant amounts of nonproteinaceous N (Maynard and Loosli, 1969) . Values from 5.2 to 5.8 have been reported by Tkachuk (1969) for a variety of cereals and oilseeds. In some tropical plant tissues, values of 5.1 to 5.8 have been obtained based on estimates of true protein determined from recovered amino acids and their N content (Milton and Dintzis, 1981) . Conversion values for these plant tissues based on total N in the sample, i.e., as determined by Kjeldahl analysis, averaged 4.4 ± .5. In these instances, the use of a conversion factor of 6.25 leads to an overestimation of the plant's protein content.
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In the present study, nitrogen-to-protein conversion factors based on analyses of recovered amino acids and fluorescamine assay for amino acids are presented for feed and fecal samples from three species. Limitations of these methods are considered in the discussion, along with evidence that proper nitrogen-to-protein conversion factors for feeds and fecal samples depend on the animals's feeding regimen and digestive system, and frequently are significantly lower than 6.25.
Materials and Methods
Representative diet and fecal samples were obtained from swine, sheep and cattle. Three animals from each species were sampled in each animal and diet combination. In each species, fresh fecal samples were collected directly from individually penned animals. The diets were formulated with levels of minerals and vitamins to meet or exceed the animal's estimated requirements.
Growing Holstein steers, approximately 12 mo old, weighing about 300 kg, and western wethers, about 5 to 18 mo old, were each fed maintenance levels of a diet consisting of either 80% corn-20% cottonseed hulls or 50% corn-50% dehydrated alfalfa meal. Hampshire x Yorkshire barrows, 4.5 to 5 mo old, weighing about 90 kg, were fed diets containing either approximately 80% corn and 20% dehulled soy-J. Anim. Sci. 1988.66:5-11 bean meal or 65% com, 20% soybean meal and 15% dry-milled com bran. The pigs were allowed to consume the diets ad libitum.
Fresh fecal samples were initially oven-dried at approximately 60 C overnight and later vacuum-dried at room temperature before being ground. Diets and fecal samyles were ground to fine powders in a Udy miW prior to sampling and analysis. The soybean meal reference sample used in this study was a finely ground sample that had been analyzed previously in an interlaboratory collaborative study (Cavins et aI., 1972) . At least 100-mg amounts of fecal samples and up to 250-mg quantities of diet samples were hydrolyzed for amino acid analysis.
A standard Kjeldahl method modified for micro work was used to determine total N content of all diet and fecal samples (AACC, 1983) . Samples for amino acid analysis were hydrolyzed for 24 h in refluxing 6N HCI at a concentration of I mg of sample to I ml of acid. The resulting solution was diluted with distilled water to 250 ml, a sample was evaporated to dryness, and the residue was dissolved in pH 2.2 citrate buffer. Ammonia and 17 common amino acids were measured in the hydrolysate with a Glenco MWlOO amino acid analyzer 6 . The amino acids, measured by the ninhydrin reaction, were aspartic acid, threonine. serine, glutamic acid, proline, glycine, alanine, valine, cysteine, methionine, isoleucine, leucine, tyrosine, phenylalanine, lysine, histidine and arginine.
Measurement of amino acids in the hydrolysate by fluorescamine assay (Stein et aI., 1973) , with bovine serum albumin as a standard, was carried out to determine ho\v protein contents measured by this assay compared with those measured by the amino acid analyzer. An excitation wavelength of 390 nm and an emission wavelength of 480 nm were used in a PerkinElmer MPF-44B spectrofluorimeter obtained from duplicate samples of feces from one sheep fed the com-hull and com-alfalfa diets. The hydrolysis mixtures were filtered through pasteur pipettes containing a pad of glass wool at the tip: the tip end of the pipette containing the collected residue was transferred to a Kjeldahl flask in which the pipette end was crushed prior to Kjeldahl analysis. A separate Kjeldahl-N measurement was made on the filtered hydrolysate solution,
Protein values in terms of dry weight percentage of amino acids plus NH 3 were calculated from amino acid analyzer data by using both hydrated and anhydrous amino acid formula weights (table I). The assumption was made that NH 3 in the hydrolysates was derived from glutamine and asparagine. Conversion factor estimates that depend on the formula weight of amino acids were calculated on the basis of hydrated and anhydrous amino acid formula weights (table 2) . Nitrogen-to-protein conversion factors from amino acid analyses are reported based on total Kjeldahl-N as well as on recovered N from amino acids plus NH 3 in the hydrolysate, This recovered N represents the total N detected by the amino acid analyzer (total recovered N) and is expressed as a percentage of total Kjeldahl-N in the samples. Conversion factors derived from fluorescamine measurements were based on total Kjeldahl-N. Means were examined by t-test analysis.
Results
Protein contents of feeds and fecal samples as estimated from Kjeldahl-N, amino acid analyses and fluorescamine assay are presented in table I. Conversion factor estimates based on Kjeldahl-N, N found in amino acids plus NH 3 , and fluorescamine assay are presented in table 2. Except for the com-alfalfa feed, the protein content estimate of a given diet was similar whether calculated using Kjeldahl-N x 6.25 or the corresponding amino acid data based on hydrated amino acid formula weights. Thus, a t-test comparison revealed the difference between protein percentage by Kjeldahl (N x 6.25) and protein percentage by amino acid, and NH 3 calculated from hydrated amino acid residue weights was greater for the com-alfalfa diet than for the other diets (P<.Ol). Respective protein estimates based on anhydrous amino acid formula weights were all lower than those based on Kjeld3.hl-N x 6.25 and were near those detem1ined by the fluorescamine method. bValues based on anhydrous amino acid formula weight.
"Average ± SE of (N) measurements on a feed or fecal samples from three animals.
"Average ± SE of (N) samples measured in triplicate.
(Same as sheep feed)
14.3 ± .8 (5) 11.7 ± .2(7)
10.3 ± .7 7.5 ± .1 8.9 ± .6 6.5 ± .1 10.1 ± IJ)(3) 6.9 ± .2(3) 70.7 ± 2.6(5) 63.0 ± 1.5(7) 18.5 ± .6 19.9 ± .4 13.1 ± .1 9.1 ± .1
Anhydrous b
16.0 ± .4 17.2 ± .4 11.3 ± .02 7.8 ± .1
95.7 ± 2.0(8l" 97.9 ± 2.1(9) 99.9 ± .3(3) 77.2 ± 1.8(4)
% of Kjeldahl N Kjeldahl (N x 6.25) 20.2 ± 1.1(9)" 13.9 ± .5(9) 19.2 ± .2(5) 12.9 ± .3(5)
AAand Nl-I:I Hydrated 16.6 ± 1.3 11.6 ± .5 14.1 ± .1 7.7 ± .1 Anhydrous 14.5 ± 1.1 9.6 ± .5 12.1 ± .1 6.6 ± .1 bValues based on anhydrous amino acid formula weight.
"Conversion factor differences calculated from values based on anhydrous amino acid formula weights.
"Differences (P<.01).
Protein contents of feces (table 1) were higher when calculated by the conventional (Kjeldahl-N) conversion factor method than when estimated by the hydrated or anhydrous amino acid weights. Fecal protein contents determined by fluorescamine assay encompassed the range of values estimated from hydrated and anhydrous amino acid data.
The N recovered in the amino acid hydrolysates (total recovered N) was equivalent to 97.8 ± 2.1 % of the Kjeldahl-N in each diet, except for the high-fiber, alfalfa diet in which only 77.2 ± 3.6% of the Kjeldahl-N was recovered. Kjeldahl-N recovered in the hydrolysates of the fecal samples (71.3 ± 9.8%) was lower than in the corresponding feed; recovery was lowest in fecal samples generated from the alfalfa diet.
Nitrogen-to-protein conversion factors determined from total Kjeldahl-N were similar to factors determined from amino acid plus NH 3 -N for all feeds except the alfalfa diet. The factors averaged 6.12 and 5.28, respectively, for the hydrated and anhydrous amino acid formula weights as determined by Kjeldahl-N, and 6.60 and 5.69 for those determined in amino acid plus NH 3 . Conversion factors for feeds determined by the fluorescamine method were similar to those based on anhydrous amino acid formula weights/Kjeldahl-N.
Conversion factors based on amino acid plus NH 3 -N were nearly constant for all fecal samples when calculated on a hydrated or anhydrous amino acid formula weight basis, averaging 6.44 ± .11 and 5.44 ± .19, respectively. Conversion factors based on Kjeldahl-N were lower than those based on amino acid plus NH 3 -N, particularly for the ruminant animals fed the alfalfa diet. Fecal conversion factors based on Kjeldahl-N were lower (P<.OI) than those based on amino acid plus NHrN for each animal and diet combination. Fluorescamine-derived factors for feces were nearest in value to those obtained on the basis of anhydrous amino acid formula \veights/Kjeldahl-N.
Differences between nitrogen-to-protein conversion factors for feeds and corresponding fecal matter are presented at the bottom of table 2. Differences for sheep and steers fed the corncottonseed hull diet are about double those found for animals on the other diets. When calculated from total Kjeldahl-N, nitrogen-to-protein conversion factors for feed and feces within a species differed (P<.O I) for each diet and species combination. In contrast, the conversion factors based on amino acid plus NHrN were similar (P>.O I) for four of the six animal and diet comparisons. The average difference in the conversion factors between feed and feces based on Kjeldahl-N (1.2 ± .4) is greater (P<.Ol) than the average difference based on amino acid plus NH 3 -N (.13 ± .15).
The lower recovery of N in the 50% corn-50% alfalfa diet and the corresponding fecal samples in the ruminant animals prompted further investigation of the 6N HCI hydrolysis step. The distribution of N in hydrolyzed samples of sheep feces is shown in table 3. The amount of lost N represents the difference between total Kjeldahl-N in the original sample and the N measured in the hydrolysate and the collected residue. The higher quantities of N lost from the B duplicates are presumed to be caused by experimental error associated with the fact that the starting weight of sample B was 100 mg, compared with 280 mg for sample A. The N contained in the insoluble fecal residue from a sheep fed corn-alfalfa was twice that of the residue from corn-cottonseed hulls. About 10% less N was detected as anhydrous amino acids in the corn-alfalfa fecal sample than in the corn-cottonseed hull fecal sample.
Discussion
The results presented in this study clearly confirm that 6.25 is frequently not an accurate nitrogen-to-protein conversion factor for feeds and feces. Although conversion factors calculated from amino acid analysis may be lowered somewhat by partial losses associated with acid hydrolysis of serine, theronine, methionine and cystine, and expected total loss of tryptophan, such effects should not significantly alter our results (Spies and Chambers, 1949; Jennings, 1969) . Large differences in conversion factors based on Kjeldahl vs amino acid plus NH 3 -N often reflect that significant amounts of nonproteinaceous N were in the samples. Thus, all fecal samples and the corn-alfalfa diet likely contained N sources that did not register as hydrolyzed amino acids.
Losses of NH 3 , or other volatile N compounds, from fecal samples during drying treatments were not measured. If such materials were driven out of the samples they could not have contributed to Kjeldahl-N. The drying treatment at 60 C may have induced a Mallard reaction (nonemzymic browning) between nitrogenous materials and carbohydrates (Van Soest, 1965 ) and thus formed additional small "All values on dry weight basis.
bValues from duplicate analysis of two sampJes from one sheep.
"VaJue calculated by difference from JOO%.
dVaJues from single analysis of sampJes from three sheep.
amounts of material that would register as nonproteinaceous N. Effects of the drying procedures on conversion factor values are presumed to be small. It is more accurate to calculate conversion factors based on anhydrous vs hydrated amino acid residue weights, even though this has not been traditional practice. The 13 to 16% higher value obtained for conversion factors, based on hydrous amino acid residue formula weights, is expected from the fact that 18 (formula weight of water)1140 (average hydrated amino acid formula weight) x 100~13%. Because only the C-terminal amino acid in a peptide chain is hydrated, the use of anhydrous amino acid residue weights is appropriate for all but short peptide chains. In mature plant tissues, the free amino acid content is generally small compared with the protein content. Thus, use of anhydrous residue weights is appropriate. The actual conversion factor for plant tissues should lie between the hydrated-and anhydrous-based values, but should lie closer to those calculated on the basis of anhydrous amino acid residue weights. This concept recently has been addressed by Morr (1982) for soybean protein products. Anhydrous values determined from the hydrolysate N in table I were calculated on the same basis as the "factor method" used by Morr (1982) , and the value for whole soybean meal (5.7) is compatible with Morr's recalculated values (5.66 to 5.80) for defatted soybean flakes and protein isolates. From this fact we infer that the measurements on feeds and feces are valid.
The f1uorescamine assay produced a reasonable set of conversion factors based on anhydrous residue weights of amino acid analyzer measurements for feeds that had total recovered N values of about 100%. For the com-alfalfa feed and all fecal samples the f1uorescamine assay conversion factor values were nearest to those factors based on anhydrous amino acid residue weights and total Kjeldahl-N. Attempts to use the ninhydrin reaction (Moore, 1968) on the fecal hydrolysate without using column separation of solution components, as is done by the amino acid analyzer, were not successful because the dark pigments in fecal samples masked the color of the complex. The difference data in table 2 emphasize the nonuniformity of conversion factors of feed and fecal samples among diets and species based on total Kjeldahl-N. Because differences in all conversion factors calculated on the basis of amino acid plus NH 3 -N were small. we infer that the distribution of amino acids liberated from all samples were similar. Therefore, significant skewing of liberated amino acid populations from the samples cannot explain major nonuniformity and lowering of Kjeldahl-based conversion factors. A major point of table 2 is that fecal conversion factors based on Kjeldahl-N were lower than those based on N in amino acid plus NH 3 .
The Kjeldahl procedure is able to digest fully and release N from sheep fecal samples, w'hereas the 6N HCI hydrolysis is not (table 3) . The presence of other soluble N in the hydrolysate represents additional N not determined by the amino acid analyzer. Both sources of undetennined N contribute to lowering the total recovered N and therefore to lowering the conversion factor based on total Kjeldahl-N. If tightly bound cell wall proteins were among the nitrogenous materials in the residue of the 6N HCI hydrolysate, it seems unlikely that such protein would be available for nutritional support. Nonamino acid nitrogenous materials such as chlorophyll or nucleic acids could contribute to the other soluble Nin the 6N HCI hydrolysate. Estimates from feeding trials of grass-fed sheep and steers indicated that a significant percentage of ingested N, 21 ± 6% for sheep and 14 ± 3% for steers, can be excreted as bacterial and endogenous debris (l'vlason, 1971) .
Feeds in this study for which total recovered N was about 100% had most of the N accounted for as NH 3 or amino acids. Therefore. we infer that lower conversion factors for fecal materials generated from such feeds result from significant amounts of added nonproteinaceous materials. The difference data in table 2 also indicate that fecal content of nonproteinaceous substances was greatest for ruminant animals. especially those fed a high-fiber alfalfa diet.
Based on results of this study, proper nitrogen-to-protein conversion factor should be independently determined in protein use studies when diets vary substantially among groups or species of animals.
